per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 
B32B 3/26, 15/14 



Al 



(11) International Publication Nomber: WO 90/14944 

(43) International Publication Date: 13 December 1990 (13. 12.90) 



(21) International Application Number: 



(22) International Filing Date: 

(30) Priority data: 

360,835 
395,399 



PCT/US90/03069 
30 May 1990 (30.05.90) 



30 May 1989 (30.05.89) US 
17 August 1989 (17.08.89) US 



(60) Parent Applications or Grants 

(63) Related by Continuation 
US 

Filed on 
US 

Filed on 



360,835 (CIP) 
30 May 1989 (30.05.89) 
395,399 (CIP) 
18 August 1989 (18.08.89) 



(71) Applicant (for all designated States except US): AID COR- 
PORATION [US/US]; 1250 Ambassador Boulevard, St. 
Louis, MO 63132 (US). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only) : RAGLAND, G., Willi- 
am [US/US]; 5242 Meadowcreek Drive, Dunwoody, 
GA 30338 (US). BARNARD, Boyd, A. (US/US]; 9799 
Sherrell Court, St. Louis, MO 63119 (US). SHERIDAN, 
William, M. [US/US]; 17 Ellsworth Lane, St Louis, MO 
63124 (US). 

(74) Agent: DALLAHUNTY, T, Gene; Burns, Doane, Sweck- 
er & Mathis, P.O. Box 1404, Alexandria, VA 22313-1404 
(US). 

(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BG, BR, CA, CH (European patent), DE 
(European patent)*, DK, DK (European patent), ES 
(European patent), FI, FR (European patent), GB (Eu- 
ropean patent), HU, IT (European patent), JP, KR, LU 
(European patent), NL (European patent), NO, RO, SE 
(European patent), SU, US. 

Published 

With international search report. 



(54) Title: HEAT BARRIER LAMINATE 




(57) Abstract 

This invention provides heat barrier laminates comprising a metal layer (2), preferably an aluminum foil layer, having a 
first layer (4) of a nonwoven fiber, woven fiber or foam insulating material adhesively bonded to one side of metal layer (2) and 
having a second layer (3) of a nonwoven fiber, woven fiber or foam insulating material, such as polyester or fiberglass mat, adhe- 
sively bonded to the other side of metal layer (2). Optionally and preferably the laminate comprises a second metal layer (5), such 
as alumunum foil, bonded to the outer surface of the second layer (2) of insulating material. Preferably the first insulating layer 
(4) is nonwoven fiber mat and is a thin flame -retardant layer. 



* See back of page 

9/13/06, EAST Version: 2.1.0.14 



DESIGNATIONS M DE" 



Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


PI 


Finland 


MG 


Madagascar 


BB 


Barbados 


PR 


France 


ML 


Mali 


BE 


Belgium 


GA 


"Gabon 


MR 


Mauritania 


BP 


Burkina Fasso 


CB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


CR 


Greece 


NL 


Netherlands 


BJ 


Benin 


HU 


Hungary 


NO 


Norway 


BR 


Brazil 


IT 


Italy 


RO 


Romania 


CA 


Canada T 


JP 


Japan 


SO 


Sudan 


CP 


Central African Republic 


KP 


Democratic People's Republic 


SB 


Sweden 


CG 


Congo 




of Korea 


SN 


Senegal 


CH 


Switzerland 


KR 


Republic of Korea 


su 


Soviet Union 


CM 


Cameroon 


U 


* lechtcmtcln 


TO 


Chad 


DE 


Germany, Federal Republic of 


LK 


Sri Lanka 


TC 


Togo 


OK 


Denmark 


UJ 


Luxembourg 


US 


United States of America 



if 



9/13/06, EAST Version: 2.1.0.14 



1 



HEAT BARRIER TAMTWAJf 

Field of the Invention 

This invention relates to laminates 
suitable for heat barrier and heat insulation 
uses. 

Background Of the Invention 

Various materials have been used as heat 
insulation and heat barrier layers in various 
applications. For example, fiber glass batts 
have been used for heat insulation, and 
nonwoven polyester fiber batts have likewise 
been used for spot heat insulation. However, 
the fiber glass materials are not desired in 
some manufacturing operations due to potential 
skin and eye irritation that may result from 
the use of fiberglass materials. Polyester 
materials are desirable materials but cannot 
withstand direct contact with high temperature 
elements present in some applications. 

A desirable material for heat barrier and 
heat insulation is aramid materials, 
particularly in nonwoven fiber layers or mats. 
However, the aramid materials have been more 
expensive than desired to provide a cost- 
effective material for heat barrier layers in 
many commercial applications. 

The object of this invention is to 
provide a cost effective heat barrier 
laminate. 
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w A further object of the this invention is 
to provide a lightweight, effective heat 
barrier, especially for automotive uses and 
particularly for use as a heat barrier 
relative to automotive exhaust systems. 

SUMMARY OF TOE TNVFttT^Qfl 

In one aspect, this invention is a 
laminate comprising a metal layer; a layer of 
nonwoven fiber material adhesively bonded to 
one side of the metal layer; and a layer of 
nonwoven fiber material adhesively bonded to 
the other side of the metal layer. 

In another aspect, this invention is a 
laminate comprising a first metal foil layer; 
a first layer of insulating nonwoven fiber 
material adhesively bonded to the first side 
of the metal foil ; a second layer of 
insulating nonwoven fiber material adhesively 
bonded to the second side of the metal foil; 
and a second metal foil layer in contact with 
and preferably adhesively bonded to said 
second layer of insulating material. 

In another aspect, this invention is a 
laminate comprising a metal foil layer; a 
layer of a flame retardant nonwoven fiber 
material adhesively bonded to the first side 
of the metal foil; a layer of insulating 
nonwovem fiber material adhesively bonded to 
the second side of the metal foil; wherein the 
combination of the first metal foil and the 
layer of flame retardant material prevents 
damage to the layer of Insulating material 
when the flame retardant side of the laminate 
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is exposed to a 650*C (1200T) flame applied 
at a 45* angle for ten seconds. In a 
preferred aspect a second metal foil layer in 
contact with, and most preferably bonded to, 
said second layer of insulating material. 

In another aspect, this invention is a 
method of forming a heat barrier laminate 
comprising (a) laminating between a metal foil 
layer and a layer of heat insulating nonwoven 
fiber material a first film of thermoplastic 
adhesive and (b) laminating between the 
opposite side of the metal foil and a layer of 
flame retardant nonwoven fiber material a 
second film of thermoplastic adhesive, whereby 
each film of thermoplastic adhesive is heated 
sufficiently to cause the adhesive to bond to 
the metal and fiber layers in contact with the 
adhesive film. 

In another aspect, this invention is a 
method of forming a heat barrier laminate 
comprising (a) laminating between a first 
metal foil layer and a layer of heat 
insulating nonwoven fiber material a first 
film of thermoplastic adhesive; (b) laminating 
between the opposite side of the metal foil 
and a layer of flame retardant nonwoven fiber 
material a second film of thermoplastic 
adhesive; and (c) laminating between the 
opposite side of the layer of insulating 
material and a second metal foil layer a third 
film of thermoplastic adhesive, whereby each 
film of thermoplastic adhesive is heated 
sufficiently to cause the adhesive to bond to 
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the metal and fibers layers in contact with the 
adhesive film. 

In another aspect, this invention is a 
method of forming a heat barrier laminate 
comprising (a) adhesively bonding together a 
metal foil layer and a layer of flame 
retardant nonwoven fiber material and (b) 
adhesively bonding together the opposite side 
of the metal foil and a layer of heat 
insulating nonwoven fiber material. In a 
preferred aspect a second metal foil layer is 
bonded to the opposite side of the heat 
insulating nonwoven fiber material. 

In another aspect , this invention is a 
laminate comprising a first metal layer having 
a layer of nonwoven fiber material bonded to 
each side of the metal layer and optionally a 
second metal layer bonded to the exposed 
surface of one of the layers of fiber 
material*. 

In another aspect, this invention 
comprises the above described laminates and 
methods therein a woven fiber insulating 
material is present in place of the nonwoven 
material, and a woven fiber flame retardant 
material is present in place of the nonwoven 
flame retardant material. 

In another aspect, this invention 
comprises the above laminates and methods 
wherein at foam insulating material is present 
in placp pf the nonwoven material, and a foam 
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flame retardant material is present in place 
of the nonwoven flame retardant material. 

In its generic aspect, this invention 
comprises a heat barrier laminate comprising a 
metal layer; a first layer of insulating 
nonwoven fiber, woven fiber or foam material 
adhesively bonded to the first side of the 
metal layer; and a second layer of insulating 
nonwoven fiber, woven fiber or foam material 
adhesively bonded to the second side of the 
metal; and a heat barrier laminate comprising 
a second metal layer in contact with said 
second layer of insulating material. 

Prjef Description of the Drawings 

Figure 1 is a cross section view of a 

laminate of this invention* 

Figure 2 is a schematic of a process for 

making laminates of this invention. 



Description of the Inv^inn 

In its basic aspect, the laminates of 
this invention comprise a metal layer between 
two insulating layers. Optionally and 
preferred for some applications, a second 
metal layer is present on the outside surface 
of one of the insulating layers. In a more 
preferred form the layer of insulating 
material on the opposite side from the second 
metal layer is a flame retardant material. 
Thus, the more preferred laminates of this 
invention have one surface which is a layer of 
flame retardant fiber material and the other 
surface is a metal layer. Between these two 
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surface layers are the othex layer of metal 
and the other layer of insulating material. 

It has been found that the combination of / 
a thin layer of flame retardant material with 
a thin metalic layer, which has high heat 
conductivity, provides unusually effective 
high temperature protection for ordinary 
insulation material present on the opposite 
side of the thin metalic layer. This 
combination enables the use of such insulation 
material? in higher temperature applications 
than they can normally be used, especially in 
"spot" insulation applications. 

An example of such spot insulation use is 
in the automotive area where it is desired to 
shield the floor of the passenger compartment 
of the automobile from the heat generated 
under the floor by the exhaust system, 
particularly from the muffler and/or catalytic 
converter, which may be positioned closer to 
the floor than the exhaust pipes in general. 
The flame retardant layer and metal layer 
combination in the laminates of this invention 
provide a surface for the laminate which is 
durable under exposure to the severe heat 
conditions and which is effective in 
protecting the insulating layer from 
degredation. The metal layer component in the 
laminate of this invention makes this laminate 
particularly effective in "spot" heat barrier 
applications, because the metal layer tends to 
conduct the heat from the hot spot area and 
dissipate the heat more uniformly over a 
larger surface area, thereby protecting the 
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insulating layer and making the insulating 
layer more effective. This also makes the 
heat barrier laminates of this invention more 
effective for more applications, 

5 it has been found particularly 

advantageous to have the metal surface layer 
present in the laminates of this invention in 
combination with the metal layer which is 
embedded between the two insulation layers. 

10 The combination of the two metal layers 

provides preferred superior heat shielding and 
heat dissipation, particularly suitable in 
automative spot insulation applications. For 
example, in such use the laminate of this 

15 invention is positioned such that the flame 

retardant surface layer is placed on the metal 
floor of the passenger compartment and the 
metal surface layer is on top. The carpet pad 
or carpet of the passenger compartment is 

20 placed on the metal surface layer of the 

laminate of this invention. In this position, 
the laminate of this invention provides 
superior performance as a spot insulator for a 
given thickness and weight, compared to other 

25 types of insulation. However, in many 

applications, the basic laminate without the 
second metal layer on the surface is effective 
and preferred for those applications. 

In this particular use, it has been found 
30 preferable to have the laminate of this 

invention to be from about 25% to about 75% of 
the total thickness of this laminate plus the 
floor carpet. More preferably this laminate 
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will be from about 40* to about 60% of the 
total thickness and most preferably about 50%. 

While the laminates of this invention are 
discussed and described herein as a "heat 
5 barrier" laminate, it is to be understood that 
the laminates of this invention also have 
surprisingly effective accoustical properties. 
Thus, the laminates of this invention can be 
designed for a desired temperature difference 

10 (AT) and for a desired decibel difference 

(Adb) from one side of the laminate to the 
other, is believed that the metal layer in 
the laminate of this invention provides 
unexpected sound and vibration damping, 

15 because it is adhesively bonded to the two 

nonwoven fiber mats. The metal layer prevents 
sound from traveling through the fiber mats, 
and the vibration energy imparted to the metal 
layer is dissipated in the mats to which it is 

20 bonded. As will be apparent, for pure 

accoustical uses, where heat is not a factor, 
it is not required to have a flame retardant 
layer; a apnflame retardant nonwoven fiber mat 
is suitable. 

25 In general, the laminates of this 

invention can be any desired overall thickness 
depending on the insulation (AT) values 
desired ahd/or the sound insulation (Adb) 
values desired. Likewise, the relative 

30 thickness of the fiber mat on one side of the 
metal layer compared to the fiber mat on the 
other side of the metal layer will be variable 
according to the end properties desired in the 
laminate. Cost of the respective layers will 
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frequently be a determining factor as well as 
physical properties. 

The overall thickness of the laminate as 
well as the thicknesses, density, and other 
properties of each layer will be a matter of 
selection and choice by one skilled in the art 
following the disclosure herein and depending 
on the final properties desired for the 
laminate for a particular end use application. 
These factors will vary depending on whether 
the end use application is for heat barrier or 
sound barrier or both. For example, using a 
0.00254 cm (1 mil) aluminum foil with 0.254 cm 
(0.1 in.) aramid nonwoven fiber mat on one 
side and polyester nonwoven fiber mat on the 
other side, a 1.9 cm (0.75 in.) laminate may 
provide a T of about 67 # C (120>) while a 
0.95 cm (0.375 in.) laminate may provide a AT 
of about 55 *C (100'F) between an automotive 
exhaust and the floor of the passenger 
compartment. It will also be recognized by 
those skilled in the art that the layers in 
the laminates of this invention may be 
multiple layers to provide desired properties 
following the disclosure herein. 

In a preferred aspect, this invention 
provides thin, lightweight heat barrier 
laminates which are less than about 1 inch in 
thickness and less than about about 0.008 
g./cc. (5 lb/ft 3 ) in weight. More preferably 
the laminate will be less than 1.9 cm 
(3/4 in.) thick and more preferably less than 
1.3 or 0.95 cm (1/2 or 3/8 in.) thick. 
Likewise, a more preferred weight will be in 
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the range of about 0.048 to about 0.065 g./cc. 
(about 3 to about 4 lb/ft 3 ) , or less. The 
flame retardant layer is preferably about 
0.254 cm (0.1 in.) or less in combination with 
the metal layer which is preferably about 
0.013 cm (0.005 in.) or less in thickness. 
The insulating layer will constitute the 
balance of the total laminate thickness. More 
preferably, the flame retardant layer is less 
than about 0.2 cm (0.08 in.) and most 
preferably in the range of about 0.08 cm (0.03 
in.) to about 0.15 cm (0.06 in.). The metal 
layer is preferably a metal foil, which 
provides flexibility for manufacturing and for 
end use applications, having a thickness less 
than about 0.008 cm (0.003 in.), more 
preferably less than about 0.005 cm (0.002 
in.) and most preferably for many end use 
applications has a thickness in the range of 
about 0.0025 cm (0.001 in.) to about 0.0038 cm 
(0.0015 in.). 

Materials which are preferred for the 
laminates of this invention include aluminum 
foil for the metal layer and aramid nonwoven 
fiber batt for the flame retardant layer. Th 
insulating layer is preferably a polyester or 
fiber glass nonwoven batt. The layers of the 
laminate may be bonded or adhered together in 
any manner desired for any particular end use 
application of the laminate. It is preferred 
to avoid puncturing or tearing the metal foil 
thus retaining the integrity of the lateral 
heat conductivity of the metal layer. 
Other metals may be selected for use in the 
laminates of this invention, such as copper, 
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steel, etc., as well as metalized films which 
have sufficiently high degree of thermal 
conductivity. 

other materials which are preferred for 
the laminates of this invention include woven 
fiber materials which have the desired 
insulating (heat or sound) and/or flame 
retardant properties such that the laminates 
of this invention provide the performance set 
forth herein. The woven fiber material can be 
the same material as the nonwoven materials 
mentioned herein, polyester, aramid, fiber 
glass, and the like, as well as cotton, wool, 
and other natural and synthetic fibers. 

Yet other materials preferred for the 
laminates of this invention comprise polymeric 
foam insulating (heat or sound) materials, 
which may also be flame retardant foams in 
certain applications. Foam materials useful 
as the insulating and/or flame retardant 
layers of the laminates of this invention 
include silicone foams, polyurethane foams, 
and other polymeric foam materials, open cell 
or closed cell, which provide the heat or 
sound insulating desired for use in the 
present invention. The foams can have any 
desired elasticity, density, etc., depending 
on the end use performance desired in the 
laminates of this invention. 

While the optional and sometimes 
preferred outside surface metal layer is 
preferably adhesively bonded to the insulating 
material layer, it is not necessary that the 
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surface metal layer be adhesively bonded 
thereto. This metal layer merely needs to be 
in thermal contact with the insulating 
material layer and may be held in place by any 
desired means, in one conf iguration, this 
surface metal layer can actually be attached 
to the bottom of the floor carpet of an 
automotive passenger compartment and is 
thereby placed in contact with the insulating 
layer to form the laminate of this invention 
when the carpet is installed on top of the 
insulating layer which has the other metal 
layer and the fire retardant material layer on 
the other side thereof. 

The layers of the laminate are preferably 
bonded with an adhesive which is appropriate 
fox the temperature ranges in which the 
laminate is to be used. The adhesive may be 
applied as a liquid or solid, which may be 
sprayed &s a liquid or powder on the surface 
of the fiber batts and/or the metal foil to 
bond the fiber materials to the metal foil. 
However/ a preferred adhesive is a 
thermoplastic adhesive supplied in the form of 
a sheet or film, typically about 0.00389 cm 
(0.0015 in.) in thickness, for example the 
thermoplastic adhesive film available from 
DuPont u&der the designation or trademark 
"Surlyn*. The advantages of. using the 
adhesive in the form of a film will be readily 
apparent to one skilled in the art of 
manufacturing laminates. The adhesive film 
can be fed from a roll and positioned between 
the metal foil and the fiber batt, then heated 
and pressed at the appropriate temperature and 
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pressure to melt or flow the adhesive to bond 
the fiber batt to the metal foil. This film 
or sheet form of adhesive provides the process 
advantages of being easy to use, providing a 
uniform layer of adhesive and having no 
solvents or airborne particles present during 
the laminating processes. 

Referring now to the drawings 
illustrating specific embodiments of the 
present invention, Figure 1 is a cross 
sectional view of a typical laminate of the 
present invention. Laminate 1 comprises metal 
layer 2 having adhesively bonded to one side 
of the metal layer an insulating layer 3. To 
the other side of metal layer 2 is adhesively 
bonded flame retardant layer 4. Second metal 
layer 5, in this embodiment, is bonded to 
insulation layer 3. 

As indicated above, the method of 
attaching the insulating layer and/or the 
flame retardant layer to the metal layer can 
be done by any desirable means, but the most 
economical and convenient means is by adhesive 
means which may be liquids or solids and may 
be thermoplastic or thermoset adhesives, as 
well as catalytically cured adhesive systems 
including air or moisture cure adhesive 
systems. The relative thicknesses of the 
three layers comprising the laminate of the 
present invention, are discussed above and can 
be adjusted by one skilled in the art to meet 
the desired performance requirements of any 
particular and use application for which the 
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heat barrier laminate of the present invention 
is intended to be used. 

Figure 2 illustrates one embodiment of a 
manufacturing method for forming the laminate 
of the present invention. Other embodiments 
and variations thereof within the scope or 
teaching of this invention will be apparent to 
one skilled in the art. In the particular 
embodiment illustrated in Figure 2, aluminum 
foil 21 is fed from roll 24 along with 
adhesive film 22 from roll 25 and a polyester 
or fiberglass nonwoven mat 23 from roll 26 are 
all fed laminating rolls 27 and 28 which press 
and laminate the three layers such that the 
adhesive 22 bonds the fiber mat 23 to aluminum 
foil layer 21. Heat can be applied by 
laminating rolls 27 and/or 28 or heat can be 
applied in areas B and/or C in order to 
provide the required heat and temperature 
level to cause adhesive 22 to effectively melt 
or flow sufficiently to bond aluminum layer 21 
to fiber mat layer 23. Alterna- tively, heat 
may be applied in area A to effect or assist 
in the bonding of the adhesive between the 
metal and fiber layers. 

The aluminum foil-adhesive-insulating 
fiber mat laminate 42 is then fed to 
laminating rollers 43 and 44 along with heat 
retardant fiber mat layer 41, which in this 
embodiment has a layer of adhesive already 
laminated to the surface of the flame 
retardant fiber mat which will contact the 
aluminum layer 21 of previously formed 
laminate 42. The adhesive layer between the 
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aluminum foil laye* and the flame retardant 
fiber mat may be supplied separately as 
adhesive 22 is supplied in the first step. 

However, in some instances it may be 
5 preferred , as shown in Figure 2, to form 

laminate 41 which is a combination of flame 
retardant fiber mat 31 such as aramid fibers, 
fed from roll 33 along with adhesive film 32, 
such as the "Surlyn" thermoplastic adhesive 

10 available from Dupont, fed from roll 34. 

Fiber mat 31 and adhesive 32 are heated and 
laminated together in laminator rolls 35 and 
36 to form laminate 41. Laminate 41 is in 
turn fed along with laminate 42 to laminating 

15 rolls 43 and 44 with heat applied in areas D 
and/or E to bond the fiber mat 31 to aluminum 
layer 21. The optional and sometimes 
preferred second aluminum foil layer 51 is fed 
from roll 52 along with adhesive 53 from roll 

20 54 to rollers 43 and 44 to be contacted with 
laminate 42, thus producing a final laminate 
45 according to one embodiment of this 
invention, which is rolled on roll 46. The 
bonding of the second aluminum layer 51 to the 

25 insulation layer 42 can be done with heated 
roller 44, heat applied to the top areas 
similar to the way areas D or E, and/or heat 
can be applied by oven 61. In some 
applications, the oven 61 alone may be 

30 desirable so that rollers 44 and 43 do not 
compact or distort the laminate structure 
before adhesives 53 and/or 32 are set. 

The final laminate of the present 
35 invention can then be cut, slit or dicut to 
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^forrn the various shapes desired for heat 
and/or sound barrier and/or insulating layers 
for particular end use applications. The 
speed of lamination and the temperatures used 
in the laminating process will depend on the 
particular materials and particularly the 
adhesive "material used. 

Alternative to the embodiment shown in 
Figure 2, the adhesive may be a liquid 
adhesive which is sprayed between layers to 
affect the desired bonds between the 
respective fiber layers and the aluminum foil 
layer. Or the adhesives can be other forms, 
sue* as powders, and can be combinations of 
film, liquid, etc. It should be noted, 
however, that when liquid adhesives are used, 
the amount of adhesive should be only enough 
to form the desired bond between the 
insulating layer and the metal layer. The 
adhesive should not impregnate or encapsulate 
a significant portion of the insulating layer 
such that the insulating layer would loose its 
insulating properties to a degree that its 
effectiveness is decreased. The adhesive can 
be any suitable adhesive, including 
thermoplastic, thermoset, contact, pressure 
sensitive, and the like. As mentioned above, 
thermoplastic thin film adesives are preferred 
in many embodiments, however, pressure 
sensitive adhesives may be preferred in some 
foam embodiments, e.g., where the foam 
insulating layer has a surface layer of 
pressure sensitive adhesive and a release 
paper. In such embodiments, the laminate of 
this invention can be made by removing the 



9/13/06, EAST Version: 2.1.0.14 



WO 90/14944 



PCT/US90/03069 



17 

release paper and laminating with the metal 
layer or foil, as described herein. 

The laminates of this invention are 
particularly useful for products which meet 
5 the U.S. Federal Automotive Standard 302 for 
flame retardant requirements for automotive 
insulation. The flame retardant layer of 
nonwoven fiber mat useful in this invention 
can be flame retardant fibers or can be other 
10 fibers treated with a flame retardant 
material. 

Having described the present invention in 
the above descriptions and illustrated the 
present invention in the embodiments 

15 illustrated in the attached drawings, 

variations of the present invention will be 
apparent to one slcilled in the art following 
the teachings contained herein. The scope of 
the present invention is reflected by the 

20 following claims. 
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What is plained j P? 

1. A heat barrier laminate comprising a 
metal layer; a first layer of insulating 
nonwoven fiber material adhesively bonded to 
5 the first side of the metal layer; and a 
second layer of insulating nonwoven fiber 
material adhesively bonded to the second side 
of the metal. 

2 • A heat barrier laminate according to 
10 claim 1 comprising a second metal layer in 

contact with said second layer of insulating 
material. • 

3. A heat barrier laminate according to 
claim 1 or 2 wherein the first insulating 

15 layer is flame retardant. 

4. A heat barrier laminate according to 
claim 2 wherein the second metal layer is 
adhesively bonded to the second layer of 
insulating material. 

20 5. A heat barrier laminate according to 

claim 1, 2, or 4 wherein each metal layer is 
aluminum foil and the thickness of the 
aluminum foil is up to about 0.0127 cm (0.005 
in.), the first layer of insulating material 

25 is a flame retardant material having a 

thickness up to about 0.254 cm (0.1 in.), and 
the thickness of the second layer of 
insulating material is up to about 2.54 cm (1 
in.). 
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6. A heat barrier laminate according to 
claim 1, 2, or 4 wherein the first layer is a 
flame retardant material comprising aramid and 
the layer of insulating material is polyester 
or fiber glass* 

7. A heat barrier laminate comprising a 
metal layer; a first layer of insulating woven 
fiber material adhesively bonded to the first 
side of the metal layer; and a second layer of 
insulating woven fiber material adhesively 
bonded to the second side of the metal. 

8. A heat barrier laminate according to 
claim 7 comprising a second metal layer in 
contact with said second layer of insulating 
material . 

9. A heat barrier laminate according to 
claim 7 or 8 wherein the first insulating 
layer is flame retardant. 

10. A heat barrier laminate according to 
claim 8 wherein the second metal layer is 
adhesively bonded to the second layer of 
insulating material. 

11. A heat barrier laminate according to 
claim 7, 8, or 10 wherein each metal layer is 
aluminum foil and the thickness of the 
aluminum foil is up to about 0.0127 cm (0.005 
in.), the first layer of insulating material 
is a flame retardant material having a 
thickness up to about 0.254 cm (0.1 in.), and 
the thickness of the second layer of 
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insulating material is up. to about 2.54 cm (l 
in. ) . 

12. A heat barrier laminate according to 
claim 7, 8, or 10 wherein the first layer is a 
flame retardant material comprising aramid and 
the layer of insulating material is polyester 
or fiber* glass. 

13. . A heat barrier laminate comprising a 
metal lajrer; a first layer of insulating foam 
material adhesively bonded to the first side 
of the metal layer; and a second layer of 
insulating foam material adhesively bonded to 
the second side o& the metal. 

i. 

14. A heat barrier laminate according to 
claim 13 comprising a second metal layer in 
contact with said second layer of insulating 
material.^ 

15. A heat barrier laminate according to 
claim 13 or 14 wherein the first insulating 
layer is flame retardant. 

16. A heat barrier laminate according to 
claim 14 wherein the second metal layer is 
adhesively bonded to the second layer of 
insulating material . 

17. A heat barrier laminate according to 
claim 13 ,.14, or 16 wherein each metal layer 
is aluminum foil and the thickness of the 
aluminum foil is up to about 0.0127 cm (0.005 
in.), the first layer of insulating material 
is a flame retardant material having a 
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thickness up to about 0.254 cm (0.1 in.), and 
the thickness of the second layer of 
insulating material is up to about 2.54 cm (1 
in.), 

5 18. A heat barrier laminate according to 

claim 13, 14, or 16 wherein the first layer 
and the second layer of insulating material 
comprises silicone foam or polyurethane foam. 

19. A heat barrier laminate comprising a 
10 metal layer; a first layer of insulating 

nonwoven fiber, woven fiber or foam material 
adhesively bonded to the first side of the 
metal layer? and a second layer of insulating 
nonwoven fiber, woven fiber or foam material 
15 adhesively bonded to the second side of the 
metal layer. 

20. A heat barrier laminate according to 
claim 19 comprising a second metal layer in 
contact with said second layer of insulating 

20 material. 

21. A method of forming a heat barrier 
laminate comprising (a) laminating between a 
metal foil layer and a first layer of nonwoven 

25 fiber, woven fiber or foam insulating material 
a first film of thermoplastic adhesive? and 
(b) laminating between the opposite side of 
the metal foil and a second layer of nonwoven 
fiber, woven fiber or foam insulating material 

30 a second film of thermoplastic adhesive? 

whereby each film of thermoplastic adhesive is 
heated sufficiently to cause the adhesive to 
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bond to the metal and insulating layers in 
contact with the adhesive film. 

22. A method according to claim 21 
further comprising (c) laminating between the 
opposite side of the second layer of 
insulating material and a second metal foil 
layer a third film of thermoplastic adhesive. 
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